Finally, IAV particles could not trigger membrane fusion after environmental exposure, 27 stressing the importance of the HA and the NA for environmental persistence. 28
29

Introduction
30
Influenza A viruses (IAVs) has a wide host range, which allows them to spread almost 31 everywhere on the planet. In nature, the H1N1 subtype infects several hosts such as 32 domestic and aquatic birds, humans, swine or dogs and thus spreads through a wide 33 range of environmental conditions. In humans, a pandemic H1N1 virus emerged in 2009 34 after the reassortment between a swine H1N1 virus from the Eurasian lineage and a swine 35 H2N1 virus descended from a triple reassortment between a swine H1N1 virus from the 36 North American lineage, an avian virus and the human H3N2 virus. In aquatic birds, which 37 are the main reservoir of these viruses, IAVs spread mainly by a fecal-oral route through 38
water. In poultry such as chicken and turkeys, or in mammalian species, IAVs mainly have 39 a respiratory tropism, and the virus spreads by contact between infected and susceptible 40 hosts or by contaminated fomites, as well as through aerosol or respiratory droplets. In 41 any case, the transmission routes of IAVs submit virus particles to a wide range of 42 environmental conditions, which more or less rapidly affect them. In water, the time for 43 IAV inactivation depends on widely studied abiotic factors such as temperature ( In order to identify viral genetic drivers of the persistence phenotype, we generated 67 reassortants from H1N1 viruses, which do not have the same persistence in an 68 environmental model, and compared their inactivation slopes. As a model, we used saline 69 (35 g.L -1 NaCl) water at 35°C, because it is the average salt concentration in the ocean 70 and this temperature allows observing differences of viral persistence more rapidly. Using 71 fluorescence imaging microscopy, we also wanted to understand how our environmental 72 viruses with the same pool of segments but from the A/WSN/1933 strain and with the 96 genomic backbone constituted by A/Bretagne/7608/2009 virus segments. The 97 composition of each virus is detailed in tables 1 and 2. All reassortants grew except the 98 NS-NP/1933 virus. Thus, we generated seven different reassortant viruses and compared 99 their persistence with a real-time cell analysis system (RTCA), as described in the 100
Methods section (Fig. 1A) . To quantify viral decay, we monitored CIT50 values after 1, 24 101 and 48 hours of exposure in saline water at 35°C. The increase of CIT50 value over time 102 reflects the loss of infectivity and the progressive inactivation of viral particles (Fig. 1B) . 103
We calculated inactivation slopes from experimental CIT50 values (Fig. 1C) . The mean 104 inactivation slope of the whole/2009 virus in saline water at 35°C was 4.4 CIT50.day -1 (Fig.  105 1D), which is twice more stable than the whole/1933 virus that has a mean inactivation 106 slope of 8.3 CIT50.day -1 (Fig. 1E ). When compared with the whole/2009 virus ( Table  139 2). The slope of inactivation was significantly lower in saline water at 35°C for the 140 HA-NA/2009 virus compared with the HA-NA/1999 virus inactivation slope ( Fig. 2A) , 141 respectively 5.9 and 9.9 CIT50.day and, based on a preliminary mutation screening performed using a lentiviral 152 pseudo-particles system (Sawoo et al. 2014), we selected five residues in the HA protein 153 that might influence virus particle persistence outside the host (Fig. 2B ). Ten reassortant 154 viruses bearing HA with amino-acid substitutions or insertions/deletions were generated 155 after site-directed mutagenesis of the pPol-HA plasmid. We then exposed these mutated 156 HA-NA/2009 and HAopti-NA/1999 viruses to saline water at 35°C (Fig. 2C and 2D environmental persistence also had a stable NA, as shown in Fig. 5C and Fig. 5D , 233 measuring the NA activity of viruses exposed or not to saline water at 35°C. Viruses with 234 an important environmental persistence also presented a high NA activity (Fig. 5E) . 235
Unfortunately, the NA activity for the HA-NA (341)/1999 virus was below our detection 236 threshold and could not be measured. 237 (Fig. 1D and 1e and Fig. 2A) . (Fig. 3A) . Some mutations affecting HA stability in low pH 260 with this finding (Fig. 4C and Fig. 1E (Fig. 1D and 1E ). Different 277 replication efficiency of the polymerase complexes resulting in various HA expression 278 levels might explain this observation. 279
Similarly, the less stable HA∆K147 and HA/Y454F mutant viruses (Fig. 3B) have a high 280 sensitivity to low pH and lower HA expression level in infected cells compared to the other 281 mutants ( Fig. 4A and 4B ). On the other hand, the whole/2009 and the Pol/1933 viruses 282 had the same persistence but significant differences of HA expression levels (Fig. 4C) . an explanation for how viruses with higher HA surface levels stay stable longer, as the HA 293 inactivation is probably progressive in the environment as suggested by our results on the 294 loss hemagglutination activity (Fig. 3A) . 295 We provided evidences that the NA protein is also a driver of IAVs environmental 296 
Generation of reassortant viruses and mutated viruses 363
Recombinant viruses were rescued after co-transfection of MDCK and 293T co-cultivated 364 cells using FuGENE HD transfection reagent (Promega) at a ratio of 3:1 (µL:µg). analysis were performed using CLC Main Workbench version 7.7.3 (Qiagen). 473
Hemagglutinin structure was visualized using the PyMOL Molecular Graphics system 474 version 1.8 (Schrodinger, LLC). Microscopy imaging data were processed using LSM 475 software Zen Blue edition version 2.3 (Zeiss) and flow cytometry data were analysed with 476 FlowJo (LLC) software. 477
Data availability 478
The data that support the findings of this study are available from the corresponding author 479 upon request. 480 
